Objective: The aim of this study was to investigate the prognostic factors and to evaluate the impact of adjuvant therapy on clinical outcome for early-stage cervical cancer. Results: Of all the patients, 61.6% of the cases received adjuvant therapy, with 5-year disease-free survival (DFS) of 92.1% and 5-year overall survival (OS) of 95.0%. In multivariate analysis, differentiation of G3 (P<0.05), lymph node metastasis (LNM, P<0.05) and lymphovascular space invasion (LVSI, P<0.05) were independent predictors for OS, while LNM (P<0.05), deep stroma invasion (DSI, P<0.05) and LVSI (P<0.05) were independent factors for DFS. The samples were stratified by histologic type, and cervical squamous cell carcinoma (SCC) was found to share the same independent factors except for differentiation of OS. As to patients with cervical adenocarcinoma/adenosquamous carcinoma (AC/ASC), differentiation was the independent predictor of OS (P<0.05); and LVSI of DFS (P<0.05). Of 236 patients with high-risk factors, there was no significant difference in survival between concurrent chemoradiotherapy (CCRT, n=195), radiotherapy (RT, n=24), and chemotherapy (CT, n=17). Among the 190 patients with LNM who underwent CCRT, 124 cases showed improved DFS after sequential CT (P=0.118), with a recurrence rate decrease of 14%, though the difference was not statistically significant. Patients with single intermediate-risk factors like DSI or LVSI were found to partially benefit from adjuvant therapy, but the difference was not statistically significant.
Introduction
Cervical cancer is the second most common cancer affecting women in China (1) . According to the latest statistics released in 2015, China ranks second in the world in annual new cases of cervical cancer (2) . Due to the widespread implementation of cytology screening, the majority of patients were diagnosed at an early-stage and at younger ages. Though equal cure rates may be obtained with radical radiation therapy and radical hysterectomy plus pelvic lymphadenectomy (RH-PLND) for early-stage cervical cancer, most premenopausal patients prefer radical surgical treatment, mainly for avoiding the radiation injury of the in situ ovary function (3) . The 5-year survival rate of early-stage cervical cancer [the International Federation of Gynecology and Obstetrics (FIGO) I-II] can generally reach or exceed 80% (4) . Indications for postoperative adjuvant therapy have been determined by evaluating the prognostic risk factors based on surgical pathology report for recurrence (5) . Pathological findings identify pelvic lymph node metastasis (LNM), parametrial involvement (PI), and positive results in the margin of the vagina as high-risk factors, while lymphovascular space invasion (LVSI), deep stromal invasion (DSI), and tumor size over 4 cm have been identified as intermediate-risk factors for prognosis (6, 7) .
Numerous studies have investigated the 5-year recurrence-free survival rates of women with cervical cancer subjected to various types of postoperative adjuvant therapy (8) (9) (10) , but less effort has been made to evaluate the Chinese experience with prognostic evaluation of adjuvant therapy on operable patients in the long term. In addition, the relationship of pathologic risk factors to the clinical outcomes of adjuvant therapy needs to be discussed in more detail. There are still controversies over which therapeutic regimen is most beneficial to patients with high-risk factors, or whether single intermediate-risk factor is required for adjuvant therapy, or whether there are other indications that should be suggest treatment with adjuvant therapy. In this present study, we aimed to conduct a single-center retrospective study to identify the prognostic factors related to 10-year overall and recurrence-free survival and to evaluate the impact of postoperative adjuvant therapy on survival of cervical cancer (FIGO stages Ib-IIa) following conventional radical surgery based on our experience.
Materials and methods

Study population
Patients with a diagnosis of stage Ib-IIa cervical cancer as defined by the FIGO cervical cancer who received RH-PLND as primary radical treatment at National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences from May 2007 to December 2013 were included in this retrospective study. There were 1,335 cases with complete clinical data, across all histological subtypes. We excluded 35 patients who were lost to follow-up. Until the endpoint at May 2017, the median follow-up of survivors was 70 (range: 2-119) months. The protocol of this study was approved by the institutional review board of Cancer Hospital, Chinese Academy of Medical Sciences. Medical records were reviewed to collect patient's demographics, surgical-pathologic data, and survival results.
Baseline and pathological characteristics
Basic characteristics of the study population at initial diagnosis include age, body mass index (BMI), FIGO stage, histological type, tumor size and treatment administered, such as neo-adjuvant chemotherapy (NACT), radical surgery and postoperative adjuvant therapy. All patients underwent Piver type III conventional radical hysterectomy, of whom, 94 cases underwent laparoscopy. Of all the patients, 25.9% received NACT mainly due to bulky tumor. NACT consisted of paclitaxel plus cisplatin/carboplatin every three week for median 2 cycles, except for 45 cases in preoperative brachytherapy only. Postoperative management was individually established according to pathological findings reported on surgical specimens for each one, including the status of differentiation, LVSI, DSI, LNM, PI and vaginal margins.
Criteria and regimen for postoperative adjuvant therapy
Postoperative therapeutic strategies were selected based on the recommendations given in the National Comprehensive Cancer Network (NCCN) guideline. In Cancer Hospital, Chinese Academy of Medical Sciences, adjuvant therapy was also administered with single intermediate-risk factor (DSI, LVSI) or low-grade differentiation. Patients with high-or intermediate-risk factors generally received concurrent chemoradiotherapy (CCRT), radiotherapy (RT), or chemotherapy (CT). RT consisted of conventional external beam (EBRT) to the pelvis (6eM X-ray median 45 Gy) in fractions of 1.8-2.0 Gy for 25 d. Six patients received only vaginal brachytherapy in fractions of 7.0 Gy for a total median dose of 21.0 Gy. In the CCRT group, additional cisplatin (40 mg/m 2 ) or nedaplatin (40 mg/m 2 ) was administered by intravenous infusion every week. In the CT group, patients received paclitaxel (175 mg/m 2 ) with carboplatin [area under the curve (AUC) 4-5 mg/mL/min] every 3 weeks for 3-6 cycles.
Follow-up
After completion of the initial treatment, all patients were required to check every 3 months for 2 years; and every 6 months for the next 3 years to patients without recurrence; patients with recurrence-free survival lasting more than 5 years required annual follow-up. A total of 1,221 (91.5%) patients obeyed the periodical follow-up. Regular follow-up consisted of a physical examination, thinprep cytology test (TCT) of vaginal stump, serum squamous cell carcinoma antigen monitoring, and pelvic-abdominal ultrasonography scan each time. The patients underwent chest X-ray annually, with computed tomography or magnetic resonance imaging if necessary. Survival information was available for all recruited patients. The diagnostic criteria for recurrence include the elevation of serum tumor markers accompanied by positron emission tomographycomputed tomography (PET-CT) or CT examinations of metastatic sites along with cytological biopsy positive.
Statistical analysis
Descriptive statistics were used to present patients' baseline and pathologic characteristics. Disease-free survival (DFS) was calculated as the period from primary surgical treatment to the date of first confirmed recurrence. Overall survival (OS) was calculated as the time of the initial diagnosis of cervical cancer until the date of disease-related death or last follow-up. Survival curves were generated using the Kaplan-Meier method and differences between survival curves were compared using the log-rank test. The univariate analysis used log-rank test, and multivariate Cox model with forward Wald method was used to determine independent prognostic factors for DFS and OS. Data were analyzed using IBM SPSS Statistics (Version 22.0; IBM Corp., New York, USA), and statistical significance was set at P<0.05.
Results
Baseline characteristics
The clinical-pathological characteristics of all the 1,335 patients who met the inclusion criteria are summarized in Table 1 . These include age, BMI, FIGO stage, histology, NACT and adjuvant therapy status, surgical procedure, differentiation, LNM, parametrial infiltration, condition of the vaginal margin, DSI, LVSI and tumor size.
Survival analysis of patients with operable cervical cancer
Data on OS and DFS for each stage and different histologic type are shown in Table 2 . Of all the patients, 61.6% received adjuvant therapy. The 5-year DFS for all is 92.1%, and those for each stage are 93.1%, 86.7%, 92.5% and 88.7%, corresponding to Ib1, Ib2, IIa1 and IIa2. The 5-year OS for all is 95.0%, and those for each stage are 97.6%, 88.4%, 93.2% and 87.9%, respectively. As to different histologic type, the 5-year OS of cervical squamous cell carcinoma (SCC) is 96.2%, which is higher than the 92.4% for cervical adenocarcinoma/adenosquamous carcinoma (AC/ASC). Similarly, the 5-year DFS of SCC is 92.9%, also higher than 89.5% for AC/ASC.
Prognostic factors for operable cervical cancer
In multivariate analysis, the Cox regression model was used for different study population stratified by histology. Of the whole population shown in Tables 3 and 4, differentiation of G3 (P=0.022), LNM positive (P<0.001) and LVSI positive (P=0.001) were independent predictors of worse OS; and LNM positive (P<0.001), DSI (P=0.021) and LVSI positive (P=0.001) were predictors of worse DFS. LNM and LVSI were independent prognostic factors both for OS (P LNM <0.001, P LVSI <0.001, respectively) and DFS (P LNM <0.001, P LVSI =0.007, respectively), while DSI was an independent prognostic factor for DFS (P=0.005) in patients with SCC, shown in Tables 5 and 6 . Regarding patients with AC/ASC, differentiation of G3 was the independent predictor of worse OS (P=0.037); and LVSI was an independent predictor of DFS (P=0.013), as shown in Tables 7 and 8 .
Evaluation of adjuvant therapy for patients with high-risk prognostic factors
Out of all the patients, 236 who had high-risk prognostic factors (meet one of LNM+, PI+ or vagina margin+) underwent adjuvant therapy, among whom 195 received CCRT, 24 received RT alone, and 17 received CT alone. There was no significant difference in OS or DFS between the three therapeutic regimens, as shown in Figure 1 .
Among the 190 patients with LNM who received CCRT, 124 cases also had systemic CT which consists of paclitaxel plus carboplatin in median 3 cycles. CCRT+CT showed a better prognosis not only for DFS (P=0.118) but also for OS (P=0.374), though the difference did not reached statistical significance, as shown in Figure 2 . CCRT+CT decreased the recurrence rate of 14%.
Evaluation of adjuvant therapy for patients with single intermediate-risk factor or low-grade differentiation as a potential risk factor
In the stratification analysis, patients with single intermediate-risk factor defined as DSI or LVSI were screened separately. Survival analysis showed that adjuvant therapy could be partially beneficial, though the difference was not statistically significant. This might be due to the small number of cases in the observation group, as shown in Table 9 . Because low-grade differentiation is an independent predictor of worse OS in our study, adjuvant therapy tended to improve prognosis. Unfortunately, cases in whom G3 was the sole potential risk factor did not here benefit from adjuvant therapy either with OS (P=0.799) or DFS (P=0.750).
Discussion
Early-stage cervical cancer has a relatively favorable surgery have been evaluated for recurrence in many studies. According to the prognostic significance of each factor, they have been defined as intermediate-risk and high-risk groups. In the present study, we identified LNM, LVSI and differentiation as independent prognostic factors for OS, while LNM, LVSI and DSI for DFS regardless of histologic type of cervical cancer. In the stratification analysis, SCC has the same prognostic factors as the whole population except that differentiation is not independent of OS. Regarding AC/ASC, differentiation is the only factor affecting OS; LVSI is the only factor affecting DFS. Histologic grade was thought to be a prognostic factor. However, few studies previously supported that poorly differentiation could predict unfavorable prognosis (5,14,15) so that there is no indication for adjuvant therapy. Our study showed that patients with only G3 cannot benefit from adjuvant therapy. Although G3 could predict poor prognosis for AC/ASC based on our data, it is not clear whether patients with poorly differentiated adenocarcinoma of the cervix but no other risk factors can benefit from adjuvant therapy; this needs to be verified with a larger sample size. Pelvic LNM is a widely accepted high-risk factor for cervical cancer. Patients with LNM have a recurrence rate of up to 40% higher than those without this factor (16, 17) . The anatomic level of positive nodal was also shown to be related to the risk of recurrence, with higher recurrence rates when common iliac or para-aortic nodal involvement was observed than when the involved nodes were confined to pelvis (18) . Duo the greater rate of distant failure with LNM, postoperative adjuvant therapy can prevent distant metastasis, for which chemotherapy plays an important role as the systemic therapy (19) . The combination of additional cycles of chemotherapy following RT or CCRT might reduce distant metastases. In our study, 65.3% of the cases with LNM received CCRT following with CT. Compared to CCRT alone, the former practice showed a better prognostic tendency, especially for DFS (P=0.118), even though the difference was not statistically significant. No statistically significant difference was observed among adjuvant therapy/CT alone or in combined therapy in patients with high-risk factors. A randomized phase III trial (20) compared paclitaxel and carboplatin followed by RT versus RT concurrent with cisplatin in patients at stage IB-IIB after surgery. The research team concluded that sequential CT and RT did not show any survival benefit. It has been proposed that systemic CT alone could have a survival benefit even without RT. But unfortunately, a randomized trial (17) designed to evaluate the efficacy of CT alone compared with external pelvic radiotherapy for patients with high-risk factors after surgery was stopped because the number of patients was far below expectations, which left the results with low statistical power. In addition, another randomized phase III trial (21) comparing the clinical efficacy of adjuvant CT alone versus CT plus RT for patients with high-risk factors failed to establish CT plus RT as a superior adjuvant therapy. Besides the prospective trials, several retrospective studies shared several results. Takekuma et al. reviewed 393 high-risk patients and reported chemotherapy after surgery to have similar efficacy but less toxicity than CCRT (22) . Another retrospective study compared postoperative pelvic radiotherapy alone (n=253), chemotherapy alone (n=319), and CCRT (n=502) and found that systemic CT may be as effective as radiation-based therapy in node-positive highrisk stage IB-IIB cervical cancer, but CT alone was likely insufficient for local control. For this reason, additional treatment with radiation is recommended (23) . Confronting with such a variety of adjuvant therapy policies, prospective clinical trials to assess the efficacy or non-inferiority of single or combined or sequential postoperative therapy with clear constraints are required.
Sedlis criteria first met the public eye in 2015 in the NCCN guidelines, defined as an intermediate-risk group by various combinations of three factors, including LVSI, DSI and large tumor size, as follows: 1) positive LVSI, deep and middle third penetration, with tumor size ≥2 cm; 2) positive LVSI, superficial third penetration with tumor size ≥5 cm; and 3) negative LVSI, middle or deep third penetration with clinical tumor size ≥4 cm. Putte et al. successfully validated the Sedlis criteria and showed them to exhibit good performance (24). In another study, Rogers et al. conducted a subgroup analysis of OS using the Sedlis criteria and showed that postoperative adjuvant radiotherapy significantly reduced the mortality of patients with the combination of negative LVSI, DSI and tumor size ≥4 cm (25). The sensitivity of these criteria was only 50%, as reported by Ryu et al. (26) , which means that half of the recurrences occurred in patients who did not meet these criteria. Sedlis's study excluded histology of AC, which has been suggested to have poorer prognosis than SCC. A retrospective study recruited one-quarter of the patients with non-squamous carcinoma showed that AC, tumor size, DSI and LVSI were significantly closely associated with disease recurrence and defined a new fourfactor model for the intermediate-risk group of patients with cervical cancer (8) . However, the prognostic significance of these factors remains unclear. AC was an independent prognostic indicator of poor survival in earlystage cervical cancer with risk factors (27) . According to our data, histology was not considered as an independent prognostic factor probably due to the small proportion of non-squamous cases. However, the 5-year OS of AC/ASC was visibly lower than that of SCC. Moreover, LVSI has been found to have a significant impact on recurrence-free survival and OS by itself. However, as reported previously, only when these factors are combined does the risk of recurrence could increase by 15%-20% (5, 24) .
Practice patterns of adjuvant therapy for patients with intermediate-risk factor are also the subject of heated discussion. A review suggested that the addition of platinum-based CT to adjuvant RT may improve survival in patients with early-stage (Ia2-IIa) cervical cancer with risk factors (28). In a retrospective study (26) covering patients with two or more intermediate-risk factors, patients were categorized into those who underwent no further treatment (NFT) group (n=34), RT group (n=49), and CCRT group (n=89). The 3-year recurrence-free survival rate increased from 67.5% (NFTs) to 90.5% (RT), and increased further to 97.5% (CCRT). In trial GOG092 (29) , the role of RT alone for patients with intermediaterisk factor after radical hysterectomy was investigated. In that work, 137 patients were randomly allocated to receive RT and 140 were kept under observation. Final results showed that the use of adjuvant RT to be associated with a hazard ratio (HR) of 0.54 for recurrence (P=0.007). However, the improvement of OS with RT did not reach statistical significance (HR=0.70, P=0.074). In the GOG0263 trial (30) of 868 patients with intermediate-risk factor, the study concluded with no 5-year survival benefit of CCRT over RT. In our data, nearly 80% of the patients with two or more intermediate-risk factors received CCRT, and 10% of the patients receiving RT alone. Because of the disparity of cases among these two groups, it was not possible for us to draw comparable statistical results. Accordingly, the ability of adjuvant therapy to improve OS and the choice of single or combined therapy are still controversial due to overtreatment concerns, although these treatments have been found to reduce recurrence. Further improvement for adjuvant therapy should focus on the definition of prognostic risk factors, refined patient selection, and concretization of both local and systematic therapies.
The weakness of this study is its retrospective nature.
However, it does have sufficient sample size and 10-year follow-up. The results of the present retrospective analysis appear to suggest that aggressive postoperative adjuvant therapy is beneficial for FIGO stage Ib-IIa cervical cancer with risk factors and increases the survival rate. CCRT is the main choice of postoperative adjuvant therapy in Cancer Hospital, Chinese Academy of Medical Sciences, though it seems to have no advantage over RT or CT alone in patients with high-risk factors. CCRT sequential with CT could reduce the recurrence rate by 14% compared to CCRT for patients with LNM. Perspective studies in larger populations are needed to verify the unsolved questions such as whether patients with single intermediate-risk factors could benefit from adjuvant therapy and the preferred patterns. LVSI is an independent prognostic factor both for OS and DFS, and it should be highly valued as an indication for adjuvant therapy, even when found alone.
